






Pictures from Cesos Annual report 2007.
砕氷船 (Icebreaker)












Escort operaƟon in level ice
Swedish icebreaker Ymer escorted ice tanler 
(pictured by sawamura)
Pictures from lecture note of Prof.Kai Riska in NTNU
北極氷融解とロシア北方航路NSRの商業航路への期待, 野澤和男，presentation資料より．
Minimum permissible curvature of the channel
Bch
Rch1: Ice breaker
2: Escorted ship, 
Rch: Channel radius, 
Bch: clear ice channel
a) Ice contact at 1,2,3
b) The ship will sƟck in the ice channel beam 























<- ARAON’s icebreaking performance test in the Antarctic sea ice. 
(出典，Sea Ice in Polar Region, ISBN: 978 -89-94242-21-7)
(Credit: Henry Dick Woods 
 Hole Oceanographic Insti-
 tution / NSF)
Americal icebreaker Healy巡視船「そうや」　
Japan Coast Guard   ウェブページより
Swedish icebreaker is escorting ice tanler 
(Reference: lecture note of Prof.Kai Riska in NTNU)
Pictures from lecture note of Prof.Kai Riska in NTNU





 test in the Antarctic sea ice. (出典，


























 (Model test data of ice breaking force (horizontal force) 
      during ice breaking cycle (Valant,1992))
Crushing beginsv
1) INITIAL CONTCT
Crushing conƟnues and 
 ice sheet deflectsv
2) CRUSHING AND DEFLECTION OF ICE
VenƟlaƟon begins to occur
3) CUPS AND WEDGE FAILURE
Broken cups or wedge
VenƟlaƟon increases
















































- Ship-ice collision 
              Contact point
- Plate ice failure 






- Ship-ice collision 
              Contact point
- MoƟon of the ice floe




風，潮流（波）の影響 氷の移動 (DriŌing )は考えない．
氷荷重　= 砕氷荷重 + 氷の排除荷重 
砕氷 or 排除の判定基準 船(Ms)と氷(Mi)の質量の大小
数値計算モデル
A virtual icebreaker model  : L × B = 120m × 24m
The water entry angle and bow angle = 27° 
The icebreaker advancing speed = 1.0 m/s.  
Ship model 
Ice thickness s = 0.5 m
Young’s modulus E =  5.4GPa
Flexural strength  = 1.0 MPa
Compressive strength c = 2.8 MPa. 
The fricƟon coeﬃcient  = 0.1. 
The coeﬃcient of a resƟtuƟon  = 0.3 (ship-ice) 
    and 0.01. (ice-ice)
The density  = 900 kg/m3 (ice) 
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Icebreaker (Circle contact 
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Fig. Surge force Fig. Sway force 
Ice breaking Ice breaking
計算結果
















































































  30×30m (30), 40×40m (21), 110×200m (2)
Fig. Surge force Fig. Sway force 
アイスマネージメントの数値計算
1. 流氷中を砕氷船が氷板を排除または砕氷しながら航行する時の氷板の分布（アイス･





  -  数値計算の検証．
     氷の割れと排除の判定条件（氷の質量，氷の密節度など．）．
     氷の割れ方(完全な板氷とは異なる．)．
    ３次元効果（氷の沈み込み，重なり）．
  - 実用計算に向けての課題．



















































Length overall,m = 1.5












Radius, m = 0.150
Thickness, m =  0.015
Weight,kg = 0.018
large ice
Radius, m = 0.050







































Small and large pack ice

































































(Water entrance angle = 60°, Stem angle  = 60°)
Kashiteljan-Poznjok-Ryvlin (1968) :Broken ice 中の砕氷抵抗式
まとめ
1.耐氷船舶の安全航行には砕氷船によるアイスマネージメントが重要．
    - 氷の減少に伴い，Level ice から Pack iceへ（+波の影響）．
    - 砕氷船のエスコートの有無に関係なく，Pack iceへの対応は必要（？）．
　
2. Pack ice中の開放水面，氷荷重の推定には，氷板の砕氷と氷片の排除と





　 -  数値計算の検証（実船実験，模型船実験）．
     - 実氷海モデル（流氷分布，風，潮流，波）における数値計算方法の確立．
